Introduction
Fruits are nature's marvelous gift to the human kind as they possess life-prolonging and protecting components. Fruits provide energy, vitamins, minerals, and phytochemicals; their regular consumption improves the physiological functions and reduces the risk of various diseases [1] [2] [3] . Health-enhancing functional foods such as fruit wines recently increased public interest for the well-being of life. Many studies on health-enhancing functional fruit wine developments have revealed the possibilities of blending medicinal plants with fruit juice, mixing di erent fruits, co-fermenting grape must and kiwifruit juice, adding ball-milled achenes to strawberry fruit substrates, and adding ginger extract to watermelon fruit juice for value-added wine production [4] [5] [6] [7] [8] [9] . Phenolic compounds such as avonoids (anthocyanins, avanols, avonols, etc.), betalains (betaxanthins and betacyanins), organic acids, and non avonoids (derived from cinnamic and benzoic acids), which have e cient antioxidant, anticancer, and antimicrobial activities, are present in fruit wines [10] [11] [12] [13] [14] [15] . Several studies have reported on the antidiarrheal activity of the aqueous stem extract, antidiabetic potential of ursolic acid, antimicrobial properties of leaf extracts, and antibacterial properties of berry extracts of Lantana camara [16] [17] [18] . According to the study reported by Carstairs et al. [19] , the Lantana camara fruit berry has no associated health e ect during human consumption. In Ethiopia, Lantana camara plant is popularly recognized as an ornamental garden plant and is used in folk medicine (antidiarrheal and antifungus) [18] . However, using matured Lantana camara berry for food product is limited which could be due to the fact that physicochemical properties of this perishable fruit berry juice have deficient literature. Fermented cactus pear fruit juicederived foods are rising globally due to its potential for nutraceutical usage, preventing oxidative stress and cancer, and preventing obesity and related pathologies [13, 20, 21] . e shelf life of these highly perishable fruits can be prolonged by developing fermented food products such as fruit wines which are sources of energy, vitamins, minerals, and phytochemicals to consumers. Although most commercially produced fruit wines are developed from fermented grape and apple fruits or by blending grape wines, quality fruit wines could be produced by fermenting cactus pear with Lantana camara fruits [22, 23] . is is due to important bioactive compounds such as flavonoids, saponin, terpenoids, tannin, and alkaloids which are present in both fruits' pulp which could be utilized for functional fruit wine development [17] .
Perishable nature, seasonal cultivation, and dearth of processing technologies of the cactus pear and Lantana camara fruits hardly provoke postharvest losses. Hence, cactus pear fruit cultivars are demanding technologies that develop functional foods having long-term storage like wine and for better worldwide distribution. Fermentation plays a great role in enhancing fruit wine quality. Basically, a biochemical reaction occurs during fermentation, and sugars, total phenols, flavonoids, betalains, organic acids, and other bioactive compounds present in fruits affect the final total wine quality [12] . Many studies have reported on the possibilities of functional fermented foods such as lactic acid fermentation, kombucha beverage, and cactus pear wine development from the cactus pear fruit juice [14, 20, 24, 25] . "Colonche," a sweet alcoholic beverage reminiscent of the red wine obtained by natural fermentation of cactus pear fruit juice, is common in Mexico [26] . In Ethiopia, cactus pear fruits have not yet been incorporated into industrial wine production. Besides, basic qualities of cactus pear fruit wine could be improved by incorporating other fruits such as Lantana camara during the fermentation process. Only few studies have been conducted about basic quality profiles such as consumers' acceptance as well as health-related methanol, sulfite, and titratable acidity of the produced fermented food products. Investigating blended fruit wine's physicochemical properties could encourage wine production and increase consumers' perception. erefore, fully interrelated physicochemical properties of both fruit juices with its final wine encourage the fruit wine consumers' acceptability. In the current study, prominent physicochemical properties of cactus pear and Lantana camara fruit juices and their blended fruit juice fermented wine product were characterized.
Materials and Methods

Sample Development and Experimental Design Methods
Chemicals.
Baking yeast of Saccharomyces cerevisiae was purchased from a supermarket, Addis Ababa, Ethiopia, originated Angel Yeast (Hubei, Mainland, China). Chemicals used in the present study were procured from UNI-CHEM, India, and Loba-Chemie Laboratory Reagents and Fine Chemicals Co. India, Mumbai, India. All chemicals and solvents used in this study were of analytical grade and used as supplied.
Mature cactus pear fruits (variety: Opuntia ficus-indica) were collected from farmers at Adigrat, Ethiopia, during the peak production time of June. Fruits were stored in an icebox at 6°C during half day transportation to Aksum University chemistry laboratory. Dark purple-colored Lantana camara (L. camara) fruits were collected using clean plastic bags from Aksum, Ethiopia, during June and stored in an icebox at 6°C until arrival at Aksum University chemistry laboratory. e Lantana camara plant and its fruit was previously identified and authenticated by a taxonomist and registered as a voucher specimen number of ET001 at the National Herbarium, College of Natural Sciences and Computation, Addis Ababa University [18] .
Cactus Pear and Lantana camara Fruit Juice Preparation and Preliminary Characterizations.
Initially, orange type of matured cactus pear fruits was selected, sorted, and gently washed under running tap water and peeled manually to remove its outer coat. e edible part (pulp) was chopped using a domestic juicer machine (Electric Juicer, BL-727, Japan) to produce about 3.677 g/mL of cactus pear juice. About 500 g of Lantana camara fruits were destemmed, sorted, and washed (twice) by immersing them in a plastic jar containing 3 L distilled water. e Lantana camara fruit juice was prepared using the domestic juicer machine (Electric Juicer, BL-727, Japan) after proper draining of the washed water. During Lantana camara fruit juice extraction, 1 L distilled water was added and 70% (w/v) of juice was produced. Microbial contamination and fermentation was prevented by adding 70 mg/L sodium thiosulfate into each juice type. Both juices were preserved at 4°C until filtered using a sterilized cotton cloth mesh to remove the seed and fibers.
Qualities of the juices were preliminarily characterized based on pH, total soluble solids (°Brix), sugar content, total phenol, and organic acids to assess the necessity of additional adjustments and nutrient addition. Measurements of these qualities are stated in Section 2.2.
Preparation of Yeast Strain.
e yeast cell (biomass) was developed using 50 mL of sterilized YEPD media (1% (m/v) yeast extract, 2% (m/v) peptone, 2% (m/v) glucose) contained in a 150 mL sterilized conical flask. e 0.75 g dry baker yeast cell (Saccharomyces cerevisiae) (hydrated in 50 mL mild hot distilled water at 35°C) was added into the YEPD media and diluted to 150 mL using sterilized distilled water. e mixture was incubated in a rotary shaker (VRN-200, Gemmy Industrial Corp., Taiwan) with a speed of 120 rpm at 28°C for 24 hours. en, it was transferred into a 1000 mL Erlenmeyer flask which contained 500 mL of the sterilized cactus pear juice pulp that was previously adjusted with the sugar content of 200 g/L, 70 mg/L sodium thiosulfate content, and a pH of 3.4 using a pH meter (PH-016, Kelilong Electron Co., China). e mixture was incubated at 28°C for 36 hours at a shaker speed of 150 rpm to use it directly for wine fermentation [25] .
Fermentations and Stabilization Process.
e final extracted cactus pear juice was adjusted with appropriate sugar content (200 g/L equivalent to dextrose), pH of 3.4 (using 0.5 g/L tartaric acid solution), and SO 2 (70 mg/L) in 5 L plastic jar. e remaining factors like temperature, inoculum concentration (1.7 × 10 6 CFU/mL), and volume of Lantana camara fruit juice were adjusted according to previously optimized fermentation design points. ese are fermentation temperature (24.8°C), inoculum concentration (10.16% (v/v)), and Lantana camara fruit juice concentration (10.66% (v/v)). e fermentation process was developed in spherical 500 mL glass flasks that have equal volume and shape containing 3/4 th of the adjusted cactus pear fruit juice. e fermentation process was carried out for six days [25] . Free run of the fermented products was filtered from each sample using a sterilized cotton cheesecloth. Each sample was packaged in 330 mL sterilized brown glass bottles. Finally, four replicates of each wine sample were pasteurized at a temperature of 65°C for 20 minutes and preserved by adding 70 mg/L SO 2 for twenty days at room temperature (24°C).
Physicochemical Characterization Methods of the Fruit
Juice and Wine Quality 2.2.1. pH and°Brix. e pH and°Brix of each fruit juices and the produced wine were determined with a digital pH meter (PH-016, Kelilong Electron Co., China) and digital refractometer (DR6200/2, A. KRUSS Optronic, Germany). During the pH and°Brix measurement, 100 mL of fruit juices and wine samples was filtered using a cotton cloth mesh.
Color of the Wine.
e color of the produced wine was analyzed using a UV-Vis spectrophotometer (UV-5100 Spectrophotometer, Metash Instruments Co., Ltd., Shanghai, China) and 1 cm cell path length at A 420nm , A 520nm , and A 620nm by applying the procedure described by Yildirim [10] . Color density (A 420 + A 520 ), shade or tint (A 420 /A 520 ), and color intensity (CI) (A 420nm + A 520nm + A 620nm ) were used to describe the produced wine color using distilled water as a blank. Accordingly, proportions of red (%R), yellow (%Y), and blue (%B) were determined as A 520nm × 100/IC, A 420nm × 100/IC, and A 620nm × 100/IC, respectively.
Estimation of Sugar.
e sugar content of both the juices was measured using the phenol-H 2 SO 4 method as described by Nielsen [27] . First, 1 mL of each juice samples was diluted into 150 mL distilled water and mixed properly. Next, into test tubes containing 2 mL standard sugar solution (dextrose glucose) of 5, 10, 25, 50, and 75 mgL − 1 as well as 2 mL of each diluted fruit juice and wine samples, 1 mL of 5% phenol solution in water and 5 mL of concentrated sulphuric acid were added with sufficient mixing. e residual sugar content of the wine sample was determined by diluting 1 mL of the cotton cloth mesh filtered wine product into 50 mL using distilled water. Finally, the sugar content of juices and wine was calculated from the calibration equation Y � 0.0127x + 0.0131 at R 2 � 0.996, where Y and x stand for absorbance reading and sugar concentration expressed in g/ L equivalent to dextrose glucose, respectively.
Total Acidity (TA). Cactus pear and
Lantana camara fruit juice was filtered using a cotton cloth mesh and 1 : 5 (diluted with distilled water) of the fruit juice were titrated by 0.1 N of NaOH to the phenolphthalein color endpoint detection. A digital burette (Titrette, Brand Gmbh + Co KG, Wertheim, Germany) was used to determine the titration volume. Finally, the total acidity was calculated (as tartaric acid is the predominant acid in both fruits) using equation (1) .
Total acidity (TA) of the wine sample was measured according to the procedure described by OIV [28] by taking 50 mL of filtered wine sample solution sample into a 250 mL conical flask. To remove carbon dioxide, the sample containing flask was blown using a vacuum pump with continuous shaking for one to two minutes. A digital burette (Titrette, Brand Gmbh + Co KG, Wertheim, Germany) was used to determine the titration volume. From each sample, 10 mL of the 1 : 5 diluted solution was titrated with standardized 0.1 N NaOH to the bromothymol blue endpoint (blue-green color). e bromothymol blue solution was prepared by mixing 1 mL of bromothymol blue solution and 25 mL of boiled distilled water. e volume of NaOH was converted to gram of citric acid (predominant acid in the wine sample) per L of juice and wine sample; at last, TA was estimated using the following equation [29] :
where TA � total acidity, N � normality of the titrant (mEq/ ml), V 1 � volume of the titrant (mL), V 2 � volume of the sample (mL), and Eq.wt. � equivalent weight of the predominant acid.
Estimation of Ethanol.
In each wine sample, the ethanol concentration (%, v/v) was determined using acidified dichromate solution according to the procedure described by Babu et al. [30] . Each wine sample was distilled according to the method used by Zenebe et al. [25] . Absorbance reading of wine samples cooled to room temperature was measured at 600 nm using a spectrophotometer (UV-5100 Spectrophotometer, Metash Instruments Co., Ltd., Shanghai, China [24, 32] . Retention time comparison to external standards (0.002 g/mL) of citric, L-tartaric, L-ascorbic, and oxalic acids, followed by concentration estimation using the relative peak area covered in the chromatogram, was used to compare and calculate organic acid concentration. e organic acid concentration was calculated using the following equation:
Organic acid concentration mg mL � peak area of sample peak area of standard × concentration of standard.
(2)
Methanol
Analysis. e methanol content (mg/L) in the wine sample was analyzed according to the procedure developed by Zhan et al. [33] . e chromogenic reagent (SNP) was prepared by adding 100 mL of 10% (m/v) sodium nitroprusside, 10% (m/v) potassium ferricyanide, and 5% (m/v) NaOH into a plastic container, respectively, and the solution was diluted to 600 mL after proper mixing. e mixture (SNP) was preserved without light at 4°C before use. Methanol was used as a standard solution (0.25, 1, 2, 3, 4, 5, and 6 mg/mL) to prepare the calibration curve. e distillation was carried out using the method in OIV-MA-AS312-01A [34] . From 200 mL of the wine sample, 198.5 mL distillate was collected using fractional distillation. en, the distilled wine sample was diluted into 200 mL using distilled water. In the test tubes containing 1 mL of standard and sample solution, 6 mL of chromogenic reagent (SNP) was added.
e solution was reacted for 15 min at room temperature (23°C), and absorbance of the solution was measured at 481 nm against a blank (1.8 mg/mL ethanol) with same reagent concentrations except for methanol. Methanol concentration was calculated from the calibration equation: absorbance reading � 0.0528x -0.0002 at R 2 � 0.9941, where x represents methanol concentration in mg/mL.
Free and Total Sulfur Dioxide (SO 2 ).
e free and total sulfur dioxide was measured according to the method of OIV (OIV-MA-AS323-04B) [35] . Free sulfur dioxide was measured by taking 50 mL of wine sample into a 500 mL conical flask containing 5 mL starch solution (5 g/L), 30 mg EDTA, and 3 mL of 10% H 2 SO 4 . is solution was titrated with 0.025 M iodine solution directly until blue color continued to exist for 10 to 15 seconds. e volume of iodine consumed was recorded and coded as n. e total sulfur dioxide was determined by adding 8 mL of 4 M sodium hydroxide solution to the solution in which free SO 2 has been determined; it was settled for 5 minutes after shaking once, and then 10 mL of 10% H 2 SO 4 was added with vigorous stirring. Finally, it was titrated with 0.025 M iodine solution, and the volume consumed was noted as n'. 20 mL of sodium hydroxide solution was added again, allowed to stand for 5 minutes after shaking and diluting by 200 mL of ice-cold water. While stirring vigorously, 30 mL sulphuric acid was added at the same time and lastly titrated using 0.025 M iodine solution. e final volume was noted as n". Finally, free and total sulfur dioxide was calculated as 32 × n and 32 × (n + n' + n") in milligrams per liter, respectively.
Sensory Evaluation.
A semitrained panel of judges (their age group is between 24 and 45) who participated in previous cactus pear fruit wine evaluation, 3 females and 3 males, analyzed the sensory characteristics of the wine samples [36] . Randomly distributed 30 mL wine samples filled into 150 mL tulip-shaped wine glasses (covered with watch-glass) were evaluated by the panelist. Each panelist evaluated every wine sample three times for color, taste, flavor, and overall acceptability on the nine-point hedonic scale (From 1 � dislike extremely to 9 � like extremely). Evaluation condition was maintained using the procedure described by Zenebe et al. [25] .
Methods of Data Analysis.
e results from the experimental work were analyzed using a statistical framework based on the analysis of variance (ANOVA) procedures during analyzing data of wine characterizations. Microsoft Excel 2013 version 15.0.4981.1001 (Microsoft Corporation, Redmond, WA, USA) was used to develop calibration equations and investigate the adequacy of experimental data.
Results and Discussion
General Physicochemical Composition of Cactus Pear and Lantana camara Fruit Juices and the Wine Sample.
Preliminary physicochemical properties of the current wine fermentation substrate (cactus pear) as well as the additive (Lantana camara) fruit juices were characterized based on pH, total soluble solids (°Brix), sugar content, total phenol, and organic acids for further adjustment. Table 1 presents the general physicochemical properties of both cactus pear and Lantana camara fruits as well as their wine product. Moreover, color, methanol, ethanol, and sulfite content of the produced wine were determined to show its quality profile ( Table 2) . Consumers' acceptance based on sensory value was also determined as shown in Table 2 .
pH,°Brix, and Total Acidity of Cactus Pear and Lantana camara Fruit Juices and Wine
Sample. pH,°Brix, and total acidity of both juices as well as the final wine are shown in Table 1 . It can be seen from Table 1 that both fruits have preliminary pH value of 5.5 (cactus pear) and 5.9 (Lantana camara) which indicates further pH adjustment was required before using it for wine fermentation substrate. e measured pH of cactus pear fruit juice and the wine is similar to the result reported by other researchers [13, 14] . As a result, the pH of the cactus pear fruit juice fermentation substrate was adjusted to a pH of 3.4 using 0.5 g/L tartaric acid solution. e measured wine sample pH is similar to pH measured in kiwifruit wine (pH � 3.55), herbal purple sweet potato wine (pH � 3.34) but lower than the tropical bael (Aegle marmelos L.) fruit wine (pH � 4.1) [37] [38] [39] . After the fermentation process, pH of the produced wine has shown similar pH value with the adjusted fermentation substrate which is consistent with the study reported by Kelebek and Selli [11] . Although physiological activities of yeasts, lactic acid bacteria, and produced organic acids are responsible for pH decrease of the fruit wine during alcoholic fermentation, insignificant pH difference between the adjusted substrate and the final wine was observed in the current study. is is expected to be caused by low pH in the early fermentation stage of the fruit wine [6, 14] . e pH of the final wine was not affected by the addition of Lantana camara fruit juice.
e Brix degree (percentage of dissolved solids) of cactus pear and Lantana camara fruit juices was measured 4.3°Brix and 6.4°Brix, respectively. But, the Brix degree of produced wine has decreased due to some dissolved solids such as sugars solubilized as a biochemical reaction to produce alcohol, carbon dioxide, and organic acids. In the current study, the Brix degree was measured slightly greater than the wines produced from sapota (Achras sapota Linn.) (2.38°Brix) and bael (Aegle marmelos L.) (2.91°Brix) fruits and potato (4.0°Brix) [38] [39] [40] . e reduction of soluble solids after fermentation process was similarly reported by other studies. But, lower Brix degree value of the cactus pear fruit juice was observed in the current study as compared to other reported studies [13, 14, 41] . e HPLC chromatograms shown in Figures 1 and 2 indicate the presence of the following organic acids in both fruit juices: citric acid, tartaric acid, and ascorbic acid. From the HPLC analysis, L-tartaric acid was dominantly identified in both cactus pear and Lantana camara fruits. As a result, tartaric acid was used as a predominant acid during the total acidity calculation of both fruit juices. Total acidity of both juices and the wine produced is shown in Table 1 . e measured total acidity of cactus pear fruit juice has lower value than the measured result reported by Ayed and Hamdi [14] and Panda et al. [41] . But, it is consistent with study reported by Chavez-Santoscoy et al. [13] . e difference can be due to the difference in origin of the fruit as well as conditions of harvesting time (where the current fruit was harvested during summer season). Furthermore, juices of both fruits have low total acidity content as compared to other citrus fruits (orange and lemon) in which citrus fruits are supposed to contain better titratable acidity [32, 42, 43] . Moreover, as it can be seen in Figure 3 , the wine sample has predominant organic acid of citric acid, and the total acidity of the wine was calculated based on citric acid. e current wine has lower titratable acidy than that reported on kiwi as well as orange fruit wines (about 6.3 g/L for orange fruit wine and 13.6 g/L for kiwifruit wine equivalent to citric acid) [32, 37] . Tartaric acid was the second predominant acid identified using the HPLC. Total acidity of the final wine was increased to about 0.33% (w/v) of citric acid. Greater overall amounts of organic acids present in fruit musts can be altered in the final wine due to the difference in the degree of dissociation of organic acids [6, 44] . e final wine was not affected by the added Lantana camara fruit juice. Generally, total acidity of the final wine was greater in both fruit juices due to the course of fermentation which is consistent with other reported studies [14, 25, 41] . Table 1 shows the total phenolic composition of both fruits and the produced wine. e Lantana camara fruit has higher total phenol content than the cactus pear fruit. Both cactus pear and Lantana camara fruits are naturally rich in flavonoids, betalains, and phenolic acids such as gallic, chlorogenic, and caffeic acids. Specifically, betaxanthin type of betalain is predominantly found in yellow-orange color cactus pear fruits [14, 45] . Initially, total phenol content of the cactus pear fruit must was measured as 326 mg/L equivalent to gallic acid. e measured total phenol content in the current study is lower than that reported by Ayed and Hamdi [14] . During the fermentation process, 10% v/v of the Lantana camara fruit juice (with about 607 mg gallic acid/L) was added to the fermentation substrate. Hence, the total phenol content of the final wine was enhanced which is similar to other reported studies [6, 14] . e large total phenol content is related with total polyphenolic contents of the added Lantana camara fruit juice. Total phenolic content of fruit wines can be affected by the color of fermenting substrate and different winemaking procedures such as prolonged extraction time [10] . So, in the current study, total phenol of the final wine was supposed to be enhanced since Lantana camara berries used as an additive had a strong Journal of Food Quality 5 purple color (higher phenolic contents) as bilberries and blackberry fruits. Polyphenols are responsible for free radical scavengers (show antioxidant activities) by quenching hydroxyl radicals or superoxide anion radicals [39] . e occurrence of acid hydrolysis in cactus pear fruit must and bioconversion of condensed phenolic compounds present in the Lantana camara fruit during fermentation process could enhance the total phenol content of the final wine. Similarly, ethanolic extracts of Lantana camara contains mainly bicyclogermacrene, caryophyllene, valencene, and germacrene which could increase total phenolic content of the cactus pear fruit wine [14, 45] . Besides, nonphenolic compounds in the fermenting substrate can be converted into phenolic compounds by yeast due to hydrolytic enzymes such as esterase which could release soluble conjugated or insoluble bound phenolic acids from the cell walls of the raw material [46] . e improvement of polyphenol content and bioactive compounds in the final wine is in agreement with other studies conducted on fermenting apple-herb wine, sweet potato herbal wine, ball-milled achenes with strawberry wine, and wine from watermelon juice and ginger extract [5] [6] [7] 38] .
Total Phenol and Organic Acid Contents of the Cactus Pear and Lantana camara Fruit Juices and the Wine Sample.
High-performance liquid chromatography (HPLC) is a fast and accurate method to measure organic acids such as tartaric, malic, ascorbic, citric, etc., in fruit juices and wine samples [32, 47] . Both fruits are not citrus fruits, and the measured organic acid compositions are low compared to measured values in mandarin, orange, pineapple, etc. [11, 32] . Composition of organic acids in the fruit wine has resulted from the wine substrates used and organic acids produced by yeasts during the fermentation process. ese organic acids are responsible for the sour taste of fruit wines [6] . HPLC chromatograms of organic acids in cactus pear and Lantana camara fruits and the final wine are shown in Figures 1-3 , respectively. ree types of organic acid (citric, L-tartaric, and L-ascorbic acids) and other unknown organic acids were separated and identified in both fruit juices and the final wine. According to the study reported by Navarrete-Bolaños [24] , oxalic acid was detected in the HPLCmeasured cactus pear young wine. But, in the current study, oxalic acid was not detected in both fruit juices as well as in the final wine (Figures 1-3 ) which could be due to the difference in the fermentation method and origin of the cactus pear fruit difference used. e major organic acid found in both fruits was L-tartaric acid (cactus pear � 0.92 mg/mL and Lantana camara � 0.31 mg/mL), and the next abundant acid was citric acid (cactus pear � 0.16 mg/mL and Lantana camara � 0.054 mg/mL).
e Lantana camara fruit juice contained lower total organic acid (0.37 mg/mL) than the cactus pear fruit juice (1.1 mg/ mL). Hence, the Lantana camara fruit was supposed to have less effect on the organic acid content of the final wine. Although organic acids in the fruit substrate are supposed to be lost during fermentation due to their solubility property, enrichment of organic acid of the final wine in the current study was observed (by about 4.4 mg/mL total organic acid was increased) [5, 32] . Citric acid is the most abundant (4.35 mg/mL) organic acid in the final wine. e baking yeast extract of Saccharomyces cerevisiae has changed the total organic acid profile as well as wine sensory properties in the current study [48] . e presence of tartaric acid in the produced cactus wine is consistent with the study [24] . Generally, the main reason for increased total organic acid in Journal of Food Quality the final wine is due to tartaric acid which was used for pH adjustment and conversion of the fruit's sugar into organic acids during the fermentation process [48] .
Color, Alcohol, and Sulfite Content of the Wine.
Color properties of the produced wine are shown in Table 2 . Brightness or shade (hue) of the cactus pear fruit fermented with Lantana camara fruit was evaluated by the ratio of absorbance readings at 420 nm to the 520 nm (A 420nm / A 520nm ). is gives an estimation of the color change toward the orange tones observed in wines during aging [49] . Moreover, color intensity (CI) was calculated from the total absorbance readings (A 420nm + A 520nm + A 620nm ) for the chromaticity which corresponds with estimation of the total color of the sample. As shown in Table 2 , brightness or shade of the wine is greater than the color density as well as the color intensity (CI). e measured value of brightness or shade is lower than that reported on apple wine fermented with a medicinal herb which could be due to the difference of material color between cactus with Lantana camara and apple with medicinal herb [6] . e biochemical reactions of anthocyanins with other phenolic compounds occurred during fruit wine fermentation process as well as during the wine aging are responsible for the color improvement of the produced wine. %Y, %R, and %B shown in Table 2 correspond to the percentages of yellow, red, and blue values in the wine sample, respectively. Wine absorbance at 420 nm and 520 nm resembles the yellow and red colorations to show wine color (color intensity or color density) [49] . Due to orange to the yellow color of the cactus pear fruit juice and the added purple color of Lantana camara fruit juice during the fermentation process, the final wine predominantly has shown yellowish color ( Table 2) which is consistent with the report studied on citrus fruit wines [50] . e alcoholic content of fruit wine is in accordance with the fermentation behavior of each type of musts of the fruits. Fruit juices with low sugar content tend to produce wine with lower ethanol. In the current study, since the sugar content of both fruits (Table 1) is low, amelioration with table sugar was carried out during inoculum as well as fermentation fruit substrate preparation. Ethanol in the produced wine contributes to the total quality characteristic such as flavor. As can be seen in Table 2 , the ethanol content of the produced wine is equivalent to moderate grape wines. Similarly, the measured ethanol value of the current wine is comparable with the wine produced from mango (Mangifera indica L.), herbal purple sweet potato, and previously produced cactus pear fruit wine [25, 38, 42] . But, slightly larger amount of ethanol content was recorded compared to other reports on different wine substrates such as apple tea (7.9 to 8.19% v/v), apple cider vinegar (6.05% v/v), sapota (Achras sapota Linn.) (8.23% v/v), and tropical bael (Aegle marmelos L.) (7.87% v/v) [36, 39, 40, 51] . e difference could be due to the nature of the substrate (fruit juice type) and method of fermentation process used.
In the present study, the cactus pear fruit substrate was prepared without adding pectinolytic enzymes and thermal treatments by considering its negative impacts on sensory properties and methanol in the final wine. Hence, it was supposed that the final wine could contain less methanol content. As it can be seen in Table 2 , the produced wine is lower than the methanol content reported on mango (Mangifera indica L.) wine (from 300 to 500 mg/L) and kiwifruit wines (663 mg/L) but higher when compared to the grape wine (less than 100 mg/L) [37, 42] . Moreover, in the present study, the fruit wine contained less methanol content than the maximum limit set by OIV Resolution OENO 19/2004 (400 mg/L for red wines and 250 mg/l for white wines and rosés). Furthermore, the Food and Drug Administration (FDA) (Federal Register 58, no 204, 6088-6091, (1993)) for the Acceptable Daily Intake (ADI) of methanol in humans is 7.1 to 8.4 mg/kg body weight (bw)/day by using a safety factor of 10. is shows that an individual weighing 70 kg would have to consume about 1.25 litres of wine a day with a methanol content of 400 mg/L [52] . Even though the principal metabolite of cactus pear fruit fermentation is ethanol, other alcohols like methanol could also be produced. Using pectinolytic enzymes during fruit fermentation for better solubility and splitting of pectic substances facilitates the production of galacturonic acid and methanol in the final wine. But, fruit wine production without the addition of pectinolytic enzymes readily has low (less than (134 mg/L) methanol content the presence of the enzyme [42] . Considering the negative impact on sensory properties, thermal treatment of fermenting substrate during fruit wine fermentation process assists significant decrease in the production of methanol (up to 60-70%) [53] . Generally, according to the Food and Drug Administration (FDA), the current wine has acceptable methanol content (124.4 ± 9.5 mg/L) (permissible as per FDA guideline) for human consumption.
According to the standards set by VQA Ontario, the LCBO, and the federal government, sulfur dioxide composition is dependently expressed on the residual sugar content of the grapefruit wine. at is, grapefruit wines with less than 35 g/L residual sugar should contain a maximum limit of 50 mg/L free sulfur dioxide and 300 mg/L total sulfur dioxide. But, grapefruit wines with more than 35 g/L residual sugar should contain a permissible limit of 70 mg/L free sulfur dioxide and 400 mg/L total sulfur dioxide. e residual sugar measured in the current cactus pear fruit wine is less than 35 g/L (4.6 g/L). Free sulfur dioxide (60.6 mg/L) and total sulfur dioxide (129.94 mg/L) compositions of the current wine are in the permissible limit as compared to the grape wine standards, but it is larger than the wine produced from orange fruit juice (free sulfur dioxide � 8.2 mg/L and total sulfur dioxide � 81.5 mg/L) [32] . Besides, the reduced amount of sulfur dioxide (SO 2 ) is due to the occurrence of a biochemical reaction during the fermentation process which was similarly reported in apple cider wine (from 50 mg/L to 28.77 mg/L) [51] . Sulfur dioxide (SO 2 ) as potassium thiosulphate was used as a microbial growth inhibitor during the current fruit juice substrate preparation to inhibit the growth of some yeast species and the majority of bacteria related to wine spoilage. Due to antiseptic and antioxidant properties on the final wine, sulfur dioxide (SO 2 ) is the most versatile and efficient additive than other additives such as dimethyl dicarbonate (DMDC) used during winemaking. Moreover, sulfur dioxide minimizes phenolic polymerization rate and color loss during wine aging [54] . Although antiseptic and antioxidant properties of sulfur dioxide are significant, allergic responses in the fruit wine by sensitive consumers should be considered. Hence, the current fruit wine is adjusted to be in the range of international standards.
Sensory Quality of the Wine.
Six panelists who participated in previous cactus pear fruit wine experiment and who have experience in wine drinking were chosen to examine the produced wine sensory quality in the current study. e panelists were trained to put each level of preference by ticking from the "dislike extremely" to "like extremely" which denotes to very poorly accepted and excellently accepted. e value given to these mark are from 1 (dislike extremely) to 9 (like extremely). Overall acceptability of each wine sample was expressed as average values of color, test, and flavor from each panelist's level of preference on individual wine sample. Finally, overall acceptability scores of panelists were recorded to represent the sensory quality of the produced wine. As it can be seen in Table 2 , average values of overall acceptability scores of the panelist's sensory quality are greater than eight which implies the panelists liked the cactus pear fruit wine fermented with Lantana camara fruit juice. e good color of the wine could be attributed to a high concentration of phytochemicals from the added Lantana camara fruit. Color and overall acceptability of the previously produced cactus pear fruit wine by Zenebe et al. [25] have shown less acceptance by the panelists. Sensory qualities such as color and astringency of the current wine sample were mainly affected by anthocyanins, flavonols, catechins, and other flavonoids present in the fermenting substrate and additives like the Lantana camara fruit [10] . Low residual sugar content, titratable acidity, and low pH of the produced wine affected the sensory quality to have slight bitterness and astringency.
is property is also consistent with the wine's organic acid measured using HPLC, which is predominantly citric acid. Moreover, flavor (fruity aroma) of the wine was liked by the panelists mainly due to the presence of esters in the final wine. e improved sensory qualities of the produced wine are consistent with fruit wine produced from blended fruits of pawpaw with banana [8] . Similar sensory quality score was observed in fruit wine produced from tropical bael (Aegle marmelos L.), sapota (Achras sapota Linn.) fruit wine, and apple tea wine [36, 39, 40] . In conclusion, sensory quality (overall acceptability) of the cactus pear fruit wine was improved due to the added Lantana camara fruit juice, and it was liked by the panelists.
Conclusion
In the present study, cactus pear with Lantana camara fruits fermented for six days at previously optimized fermentation process (fermentation temperature at 24.8°C, pH at 3.4, inoculum concentration at 10.16% (v/v), and Lantana camara fruit juice concentration of 10.66% (v/v)) was characterized based on prominent physicochemical fruit wine qualities. e added Lantana camara fruit juice has improved color, total phenol, sensory value, and slightly the organic acid qualities of the final wine. e final wine has revealed that sensory attributes of the wine were acceptable by the consumers. Generally, consumer's health concerning characteristics such as ethanol, methanol, pH, and sulfite contents of the wine is under the permissible limits of international standards of fruit wine. Important nutrients, minerals, vitamins, aroma, and taste present in the cactus pear and Lantana camara fruits which have short shelf life could be addressed to consumers by fermenting them into wine. Further detailed studies on volatile acids, individual polyphenols, organic acid components, antioxidant capacity, and in vitro cytotoxicity assessment of both fruits and the produced wine are needed.
Data Availability
Basic data used to support the findings of this study are included within the article. e data related to the study concerning ANOVA and HPLC raw data including chromatogram for standard organic acid used are available from the corresponding author upon request.
Conflicts of Interest
e authors declare no conflicts of interest.
Journal of Food Quality 9
